Introduction
Systemic lupus erythematosus (SLe) is associated with an increased risk of venous and arterial thromboembolism (1, 2) . Antiphospholipid antibodies (APAs), like lupus anticoagulant (LA) and anticardiolipin antibodies (ACAs), have been recognized as important risk factors. LA was reported in 15% to 34% of patients with SLe and was associated with an approximately 6-fold increased risk of venous thromboembolism (Vte). ACAs, demonstrated in 12% to 30% of patients with SLe, increased this risk 2.5-fold (3) (4) (5) . Data about the relative risk of arterial thromboembolism (Ate) in patients with SLe with LA and/or ACAs are not available.
There is growing evidence that Vte is often due to the interaction of genetic defects and environmental factors that interfere with the normal hemostatic mechanism (6) . Genetic thrombophilic defects include deficiencies of antithrombin, protein C and protein S, factor V Leiden, and the prothrombin G20210A mutation. Oral contraception, pregnancy, surgery, trauma, and immobilization are known environmental factors. Although it is likely that thrombophilic defects increase the risk of Vte in patients with SLe with APA, only little is known about possible interactions.
We performed a study to assess the contribution of thrombophilic defects, either alone or in various combinations with APA, to the risk of thrombosis in patients with SLe.
Materials and methods

Study population
All 144 living adult patients with SLe who were registered in our hospital over the last 10 years were enrolled in the study between July 1999 and November 2000. They fulfilled at least 4 criteria for the classification of SLe, as defined by the American College of Rheumatology (7) . After SLe was diagnosed, all remained under control in our hospital. Five patients had died prior to enrollment. None of them had a history of venous or arterial thromboembolism. two patients died from pneumonia, the others from emphysema, heart failure due to aortic valve stenosis, and cerebral bleeding. Actual disease activity and accumulated damage since the onset of SLe were estimated using the SLeDAI (SLe Disease Activity Index) and the SLICC/ACR-DI (Systemic Lupus International Collaborating Clinics/American College of Rheumatology Damage Index) (8, 9) . A questionnaire was used to collect detailed information about previous episodes of venous and arterial thromboembolism, and exposure to risk factors for venous thromboembolism. In women, the use of oral contraceptives and their obstetric history were documented.
After clinical data had been obtained, a blood sample was taken for extensive laboratory testing. In patients on prolonged oral anticoagulant treatment, the blood sample was collected after interruption of this treatment for at least 2 weeks; meanwhile, nadroparine was given subcutaneously. In this way, all laboratory tests could be done, chapter 3 including coagulation tests that are affected by oral anticoagulants, but not by (lowmolecular-weight) heparins. Venous and arterial thromboembolism were considered to be established if objectively verified by venography, ultrasonography, or impedance plethysmography (deep vein thrombosis); ventilation-perfusion lung scanning or pulmonary angiography (pulmonary embolism); funduscopy or fluorescence angiography (retinal vein thrombosis); electrocardiography, elevated plasma levels of myocardial enzymes, and/or coronary angiography (myocardial infarction); computed tomographic scanning or magnetic resonance imaging (ischemic stroke, transient ischemic attack [tIA] ). Venous thromboembolism was defined as spontaneous if it had not occurred during or less than 3 months after exposure to one or more exogenous risk factors, including surgery, trauma, immobilization for more than 7 days, pregnancy, use of oral contraceptives or hormonal replacement therapy, and malignancy. It was considered secondary in the presence of any of these risk factors. The study was approved by the institutional review board of our hospital and all participants gave their informed consent.
Laboratory studies
Blood samples for coagulation studies were collected by venipuncture on one-tenth volume of 0.109 M trisodium citrate. Platelet-poor plasma was prepared by centrifugation at 200 g for 10 minutes and for tests on LA followed by centrifugation at 10 000 g for 5 minutes. Plasma samples were stored at -80° C until testing.
Screening for LA was performed by 3 different phospholipid-dependent coagulation tests: DRVVt (dilute Russell viper venom time), APtt (activated partial thromboplastin time) and ttI (tissue thromboplastin inhibition) (10) . If a test was abnormal, all tests were repeated on a 1:1 mixture of patient's and normal plasma to exclude deficiencies of coagulation factors. If the test remained abnormal, phospholipid dependency was demonstrated by a phospholipid neutralization test; phospholipids added to the patient's plasma bind to antiphospholipid antibodies (i.e., LA), thereby normalizing the test result. DRVVt was performed using reagents (LA-screen and LA-confirm) from Gradipore (North Ryde, Australia). LA-screen contains venom, phospholipids, and calcium, required to induce clot formation. LA-confirm has a high content of phospholipids and is used to neutralize antiphospholipid antibodies as the cause of an abnormal LA-screen test. APtt was performed using actin FSL (Dade Behring, Marburg, Germany) as screening and by addition of lysed platelets (i.e., phospholipids) for confirmation. ttI was performed using Thromboplastin IS (Dade Behring) in 2 dilutions (1:50 and 1:500).
ACAs were measured by enzyme-linked immunosorbent assay (eLISA) in samples diluted 1:100 in phosphate-buffered saline (PBS)/10% fetal calf serum (FCS). Nine calibrators for immunoglobulin G (IgG) and IgM anticardiolipin antibodies (Louisville APL Diagnostics, Louisville, KY) were used in duplicate to prepare a calibration curve according to the manufacturer's instructions. Results were expressed in IgG phospholipid (GPL) and IgM phospholipid (MPL) units as derived from the calibration curve.
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Levels more than or equal to 40 GPL or MPL were considered positive. Samples with levels more than or equal to 100 U were retested after dilution in plasma.
Factor V Leiden and the prothrombin G20210A mutation were demonstrated by polymerase chain reaction, as described previously (11, 12) . Protein C and protein S antigen levels were measured by eLISA (with reagents obtained from Dako, Glostrup, Denmark), activity of protein C (Berichrom Protein C; Behring), antithrombin (Coatest; Chromogenix AB, Mölndal, Sweden), and plasminogen (S2251; Chromogenix AB) by chromogenic substrate assays. Free protein S antigen was measured after precipitation of protein S complexed with C4b-binding protein with 3.75% polyethylene glycol 6000 (13) . Sensitivity to APC, expressed as normalized APC sensitivity ratio (nAPC-SR) was measured by the Coatest APC resistance kit (Chromogenix AB).
Antithrombin, protein C, total protein S, free protein S, and plasminogen plasma levels were expressed as percentage of the levels measured in pooled normal plasma set at 100%. Normal ranges (mean ± 2 SD) were determined in healthy volunteers who had no (family) history of venous thromboembolism and were neither pregnant nor had used oral contraceptives during the last 3 months. Normal ranges were adjusted for age and gender.
Statistical analysis
Continuous variables were expressed as median values and ranges and categorical variables as counts and percentages. Differences between groups were evaluated by the Student t-test or Mann-Whitney U-test, depending on the normality of data for continuous data and by Fisher exact test for categorical data. Freedom from either venous or arterial thromboembolism was estimated using the Kaplan-Meier method. The effects of deficiencies of antithrombin, protein C, total protein S, free protein S or plasminogen, factor V Leiden, the prothrombin G20210A mutation, LA, or ACAs on the adverse outcome were evaluated by calculating the incidence rates of either venous or arterial thromboembolism for each of these variables. In these calculations, the observation time was defined as the period from onset of SLe until the end of the observation period, or the first episode of Vte or Ate. In the calculation of specific incidence rates, the concomitance of other disorders was not considered. Calculating the incidence rates of Vte, the occurrence of Ate was ignored, and vice versa. Therefore, the person-time used in the denominator was different for each calculation. The 95% confidence intervals (95% CIs) around the incidence rates were calculated under the Poisson distribution assumption. to evaluate the effects of clustering of abnormalities, relative risks of Vte and Ate were estimated for single and multiple risk factors, as compared with the absence of these risk factors. In this analysis, a Cox proportional hazards regression model was used, adjusting for relevant covariates (clinically relevant and significant at a level of P=0.15 from univariate analysis). A 2-tailed P value of less than 0.05 was considered to indicate statistical significance. Statistical analyses were performed using SAS software, version 6.12 (SAS Institute, Cary, NC).
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Results
Clinical data
Clinical characteristics of 144 patients who were enrolled are summarized in table 1. Ninety percent were women. There were no differences between women and men. Median age at study entry was 41 years (range, 19-76 years) and at onset of SLe 26 years (range, 8-70 years). Median follow-up was 12.7 years (range, 0.9-40.6 years). Vte had occurred in 15 patients (10%) and Ate in 16 patients (11%). Only 2 patients (1.4%) had experienced an episode of Vte and an episode of Ate. Median age at time of the first episode was 32 years (range, 17-61 years) for Vte and 41 years (range, 22-74 years) for Ate. A history of fetal loss was reported in 18% of women. twelve patients (8%) were on oral anticoagulant treatment at the time of enrollment for the following reasons: recurrent Vte (3 patients), recurrent Ate (3 patients), an arterial event succeeding a prior episode of Vte (2 patients), ischemic stroke (2 patients), atrial fibrillation (1 patient), and peripheral arterial occlusive disease (1 patient). Of 15 venous thromboembolic events, 11 (72%) were deep vein thrombosis and/or pulmonary embolism and 8 (53%) were classified as spontaneous (table 2). Of 16 arterial thromboembolic events, 13 (81%) were myocardial infarction or cerebral ischemic event. Venous recurrences chapter 3 were reported in 5 patients (33%) and arterial recurrences in 4 patients (25%). In another 2 patients, an arterial event succeeded a prior episode of Vte.
Thromboembolic event-free survival curves showed that half of Vte episodes occurred within the first 2.5 years and half of Ate episodes within the first 8.5 years after onset of SLe (Figure 1) . 
Laboratory data
Laboratory findings are presented in table 3. LA was demonstrated in 8% of patients, ACAs in 9% (IgG, 3% and IgM, 6%), and both LA and ACAs in 2%. Median levels of protein C antigen were slightly increased in women (112%; range, 53%-198%) and men (110%; range, 91%-150%), considering that these were expected to be 100%. Median levels of total protein S antigen were decreased in women (91%; range, 49%-174%), but increased in men (112%; range, 91%-132%). The difference in total protein S antigen levels between women and men remained when women who used oral contraceptives were excluded (92%; range, 50%-174%). Deficiencies of either antithrombin, protein C (type I or II), protein S (type I), or plasminogen were observed in 7% of patients. type III protein S deficiency (only tested in the first 67 consecutive patients) and APC resistance were the most frequently observed thrombophilic defects, mainly in women and regardless of the use of oral contraceptives. All carriers of factor V Leiden (9%) or the prothrombin G20210A mutation (2%) were heterozygotes.
The prevalences of LA (P=0.017), ACAs (P=0.13), factor V Leiden (P=0.097), and the prothrombin G20210A mutation (P=0.01) were higher in patients with Vte than in asymptomatic patients (table 4). There was a higher frequency of LA(P=0.11) and ACAs (P=0.03) in patients withAte than in asymptomatic patients.
Annual incidences of Vte and Ate associated with LA, ACAs, and each of the 7 tested thrombophilic defects, regardless of their concomitance, are summarized in table 5.
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The annual incidence of Vte was 2.01% in patients with one of the 4 disorders that were identified as risk factors by univariate analysis (LA, 4 patients; ACAs, 8 patients; factor V Leiden, 9 patients; prothrombin G20210A mutation, 1 patient), and 3.05% in patients with various combinations of 2 of these disorders (LA and ACAs, 4 patients; LA and factor V Leiden, 2 patients; LA and prothrombin G20210A mutation, 1 patient) (table 6).
Discussion twenty percent of the here-reported cohort of 144 consecutive patients with SLe experienced a thromboembolic event during a median follow-up of 12.7 years. These events were either venous or arterial, each in half of the cases. Venous events occurred 0.5 to 21.5 years after the onset of SLe and 50% occurred within the first 2.5 years. Arterial events occurred after 0.6 to 33.0 years, of which 50% occurred within the first 8.5 years. Recurrence rates were 33% and 25% in patients with a first episode of venous and arterial thromboembolism, respectively.
Although LA and ACAs were shown to be risk factors, particularly LA for Vte and ACAs for Ate, only half of these events could be attributed to the presence of APA. LA was demonstrated in 8% of patients, ACAs in 9%, and their combination in 2%. Higher prevalences of LA (15%-34%) and ACAs (12%-30%) were reported from previous studies on SLe (3-5). These differences may be explained by variations in applied criteria for LA and in the sensitivitiy of laboratory tests for the detection of ACAs, and by possible selection bias. We classified patients as LA-positive if the results of 3 different laboratory tests were consistent, according to International Society on Thrombosis and Haemostasis (IStH) guidelines (10). The cut-off level of ACAs in our study was 40 GPL units, because we found, as did Finazzi et al. previously (14) that higher levels were predictive for a vascular event. By including consecutive patients, we avoided selection bias. A few patients (3%) could not be enrolled because they had died before enrollment. However, they had no history of thrombosis and death was not due to thrombosis. As a result of the cross-sectional design of our study, assessment at time of enrollment might not represent disease activity and LA and/or ACA levels at time of the thrombotic events, considering a plausible relationship between thrombosis and disease activity. For example, actual immunosuppressive drug therapy in approximately 50% of our patients may have decreased plasma levels of LA and ACAs (15) . Despite a possibly underestimated prevalence of LA and/or ACAs, these antibodies were obviously related with previous thrombotic events in our risk estimation.
Thrombophilic defects were observed much more frequently (61% of patients) than were LA and ACAs. These defects included factor V Leiden, the prothrombin G20210A mutation, deficiencies of antithrombin, protein C, total protein S, plasminogen, and APC resistance. However, only factorVLeiden and the prothrombin G20210A mutation were associated with an increased risk of Vte, whereas none of these thrombophilic defects was associated with Ate. This finding supports the assumption that thrombophilic defects mainly contribute to venous rather than arterial thrombotic events (16) .
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The annual incidence of Vte in patients with SLe who were heterozygous carriers of factor V Leiden was 2.12%. Hence it was approximately 3.5-fold higher than in patients without this mutation, any other thrombophilic defect, and LA or ACAs. This finding is in agreement with the results of 2 previous studies that showed a 2-to 5-fold increased risk in patients with SLe who harbored this mutation (17, 18) .
The high annual incidence of Vte in heterozygous carriers of the prothrombin G20210A mutation should be interpreted cautiously, considering their small number. Only one other study addressed the same topic, but did not show a relationship, maybe due to the small size of the study cohort (19) .
Remarkably, the annual incidence of Vte in patients with SLe without LA, ACAs, or any of 7 tested thrombophilic defects was 0.58%, and thus approximately 6-fold higher than that reported in the healthy population (0.1%) (20, 21) . Apparently, SLe is a risk factor as such, or these patients had one or more other thrombophilic disorders for which they were not tested, like increased levels of factors VIII, IX, or XI or hyperhomocysteinemia. The increased annual incidence of Vte in the absence of LA, ACAs, and any thrombophilic defect can also be explained by a previous and transient thrombophilic state which had recovered at time of enrollment.
Analysis of the contribution of factor V Leiden and the prothrombin G20210A mutation to the risk of Vte in patients with LA and/or ACAs showed an annual incidence of Vte that amounted to 2.01% in patients who had a single disorder and 3.05% in patients with 2 disorders. Compared with patients with SLe without any of these 4 disorders, the risk of Vte was 5-and 8-fold higher, respectively. However, compared with the healthy population (annual incidence 0.1%), patients with SLe with one disorder had a 20-fold higher risk, while it was even 30-fold higher in patients with 2 abnormalities (20, 21) . LA and ACAs are thus not the only determinants of the thrombotic risk in patients with SLe, whereas interactions between these antibodies and thrombophilic defects are likely.
The numbers of patients with a deficiency of either antithrombin, protein C, or total protein S were too small to allow an accurate assessment of the associated risk of Vte. By contrast, lowered levels of free protein S deficiency were demonstrated in 70% of tested patients, suggesting an acquired origin, like high levels of C4 binding protein in patients with SLe (22) . Although a type III protein S deficiency was more prevalent than a type I protein S deficiency, an association of the former with an increased risk of thrombosis was not observed.
APC resistance was also not identified as a risk factor. It was observed in 34% of patients and could be explained only in a part of them by either factor V Leiden, LA, or the use of oral contraceptives. In 2 previous studies, APC resistance was associated with Vte in children and with Ate in adults, respectively (23, 24) . This discrepancy might be due to differences in the applied laboratory tests.
The incidence of thrombophilic defects other than LA and ACAs appeared to be increased compared with the healthy population. However, cosegregation of inherited defects with LA and/or ACAs rather than clustering of inherited defects in patients chapter 3
with SLe contributed to the risk of Vte. This was demonstrated for factor V Leiden and the prothrombin G20210A mutation, the only defects with a proven genetic origin and incidences that were comparable to the general population. Inheritance of other defects was not established by testing relatives, whereas they did not contribute to the risk of Vte. It is likely that a majority of the observed abnormalities was acquired, maybe secondary to chronic endothelial injury or inflammation.
The clinical implications of our findings are important. Primary thromboprophylaxis should be considered, particularly in patients with SLe with a combination of LA and/or ACAs and factor V Leiden or the prothrombin G20210A mutation. The high absolute risk of Vte in this subgroup certainly will exceed the reported risk of major bleeding due to oral anticoagulant treatment (25, 26) . Although our study did not enable us to estimate the additional risk of oral contraceptives or hormonal replacement therapy in postmenopausal women, both should be discouraged for the same reason (i.e., the high absolute risk of Vte) in female patients with SLe with one or more of these disorders. Screening of symptomatic or asymptomatic patients with SLe on thrombophilic defects other than factor V Leiden and the prothrombin G20210A mutation seems unnecessary, unless another inherited thrombophilic defect has been demonstrated already in one or more relatives. The need for standardization of laboratory tests of LA and ACAs shall be clear, given the aforementioned possible impact of a positive test.
In conclusion, acquired or inherited thrombophilic defects were frequently demonstrated in patients with SLe, apart from LA and ACAs. Of these, only factor V Leiden and the prothrombin G20210A mutation were identified as independent risk factors for Vte. Alone or in combination with LA and/or ACAs, these factors increased the risk of Vte 20-and 30-fold, respectively, compared with the general population. Thrombophilic defects, in contrast with LA and ACAs, did not influence the risk of Ate.
